Purpose The aim of the study was to evaluate the utility of Newman's classification in predicting outcomes in patients presenting with crystal arthritis. Methods Between January and December 2009, all patients who presented to our institution with acute crystal arthritis and were investigated with microbiological assessment of their synovial fluid were included in the study. Patients were divided into two groups depending on the fulfilment of Newman's criteria for culture-negative septic arthritis. Group 1 included patients that fulfilled Newman's B criteria. Group 2 included patients that fulfilled Newman's C criteria. A database looking at the demographics, mode of presentation, investigations, treatment and outcomes was then established and the results compared between the two groups. Results A total of 58 patients were identified (group 1: n0 13; group 2: n045). The average age was 71 years (range 33-96). The joint most commonly involved was the knee followed by the wrist. Clinical findings at presentation were comparable in both groups; however, WBC and C-reactive protein (CRP) were more likely to be raised in group 1. Although most patients in group 1 were treated with antibiotics (62%) there was still a higher rate of morbidity, greater use of supportive therapy and a longer hospital stay (22.3 days, SD 17.4) in comparison with group 2, where most patients were treated by observation only (76%, mean hospital stay 3.5 days, SD±4.4). The difference in length of hospital stay was statistically significant (p<0.0001).
Introduction
Crystal arthritis is characterised by severe pain, erythema, warmth, swelling and tenderness of the affected joint. It is crucial to differentiate it from septic arthritis, which has a similar presentation but causes significant destruction of the articular cartilage [1] and has a higher rate of morbidity [2] . This can be challenging because septic arthritis can stimulate the release of crystals from the articular surface or the synovial membrane in a process described as crystal shedding and strip mining [3, 4] . Therefore, the demonstration of crystals in the synovial fluid does not necessarily rule out concomitant bacterial arthritis. Furthermore, the use of Gram stain and synovial fluid culture as a gold standard diagnostic test is fraught with problems because the sensitivity of Gram staining can range from 29 to 50% [5, 6] and the sensitivity of synovial fluid culture may only be as high as 76% [7] . This raises the issue of how best to diagnose and further on manage this challenging cohort of patients when the synovial fluid assessments demonstrate crystals whilst culture is negative.
Newman, in an attempt to resolve this issue, retrospectively reviewed patients with septic arthritis over a 30-year period and proposed a classification system which is as follows: grade A: organism isolated from the joint; grade B: organism isolated from elsewhere; grade C: no organism isolated but histological or radiological evidence of infection or turbid fluid aspirated from the joint [8] . This classification has been used widely for these patients and the aim of our study, therefore, was to evaluate the utility of Newman's classification in predicting the outcomes in patients with crystal arthritis.
Patients and methods
All patients who presented to our institution with an acutely inflamed joint between January and December 2009 and were investigated with microbiological assessment of their synovial fluid were included in the study. From these, all patients with crystals in their synovial fluid were identified. The patients for the study were identified from the hospital admission register for inpatients and the hospital emergency room records for outpatients. A thorough review of the patients' medical records was then carried out and a Microsoft Access database created.
The following information was recorded: patient demographics, joint involvement, time between first manifestation of symptoms and presentation to the hospital, history of recent antibiotic use, history and physical findings (including the presence of fever, joint warmth, pain at rest, painful joint movement, sweating and joint swelling), laboratory investigations [including WBC, erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), blood and joint aspirate cultures], treatment, complications, supportive therapy (including the need for central venous catheterisation, artificial feeding, dialysis and intensive therapy unit admission), period of admission, outcome and mortality.
Fever was defined as a temperature of 38.0°C or more measured using tympanic thermometers at initial presentation. A raised white cell count was defined as ≥11×10 9 cells/l, a raised ESR as ≥15 mm/h and a raised CRP as ≥20 mg/l.
Synovial fluid cultures were performed on all aspirates. Culture methods conformed to industrial standards for synovial fluid. Specimens were cultured by inoculating in four different agar plates: Columbia agar with chocolate horse blood (37°C in a 5% carbon dioxide atmosphere for ≥48 h), Columbia agar with horse blood (37°C in a 5% carbon dioxide atmosphere for ≥48 h), cystine lactose electrolyte deficient (CLED) agar plates (37°C in air for 48 h) and fastidious anaerobic agar (in anaerobic conditions at 37°C for five days). Plates were examined daily for growth. The diagnosis of true septic arthritis was explicitly assigned when a patient had a positive finding on culture of synovial fluid.
Treatment was divided into (1) surgical debridement and washout of the joint, (2) intravenous or oral antibiotics and (3) close observation. All patients were followed up until the resolution of their symptoms.
Patients were divided into two groups depending on Newman's classification. None of the patients fulfilled Newman's A criteria as none had a positive synovial fluid culture. Group 1 consisted of patients who fulfilled Newman's B criteria with organism(s) isolated from elsewhere and group 2 included patients who fulfilled Newman's C criteria with turbid fluid aspirated from the joint.
Statistical analysis
The Shapiro-Wilk normality test and the Wilcoxon's rank sum test were used to compare the findings and the outcomes in the two groups.
Results

Demographics
A total of 58 patients were included in this study; there were 37 men (64%) and 21 women (36%). The average age of the patients was 71 years (range 33-96). Calcium pyrophosphate crystals were identified in 35 patients, whereas sodium monourate crystals were identified in 23 patients. Newman's B criteria were fulfilled by 13 patients (group 1) and Newman's C criteria by 45 patients (group 2) ( Table 1) .
In group 1 the sources of extra-articular infection included the lower urinary tract (n09), respiratory tract (n013) and positive blood cultures (n02).
Presentation and diagnosis
The joint most often involved in both groups was the knee joint. The average time to presentation was shorter in group 1 (1.75 days) compared with that of group 2 (five days).
Over half of the patients in group 1 (n08) had treatment with antibiotics prior to aspiration of the joint compared with 16% (n07) in group 2. The clinical findings at presentation were comparable in both groups with the majority being apyrexial at presentation ( Table 2 ). The inflammatory markers including WBC, ESR and CRP were more likely to be raised in group 1 in comparison with group 2 (Table 3) . 
Treatment
Patients in group 1 were more likely to have received active treatment compared with group 2 (Table 4) . In group 1, eight patients were treated with antibiotics, five were closely observed and none of them underwent a washout of the joint. The most common antibiotics used were Co-amoxiclav and trimethoprim, in line with the Hospital Trust protocol for treatment of lower respiratory tract infection or urinary tract infection. In group 2, ten patients were treated with antibiotics, flucloxacillin being most commonly used. Three patients were treated with a washout of the joint, and 34 patients were closely observed.
Fate and complications
In group 1, complications were identified in four patients: confusion (n02) and renal impairment (n02). Supportive therapy was only used in patients in group 1 including central line (n03), arterial line (n02) and admission to intensive care unit (n01). There was a single case of mortality in this group. The mean hospital stay was six times longer in group 1 compared with group 2 (22.3 versus 3.5 days). We used the Wilcoxon rank sum test to compare the length of stay (LOS) between the two groups. This revealed that there was a significant difference between the two groups (p<0.0001).
In an attempt to further characterise the relationship between our measured covariates and the subsequent LOS, we modelled LOS using a Poisson linear model, with Newman's classification, patient age, pre-aspiration antibiotic use, CRP level and WBC as explanatory parameters. Using standard numerical methods to fit the model, from a baseline residual deviance of 553.5, simply allowing the mean LOS to vary according to Newman's classification could explain 40% of the variability in the data (residual deviance 330.5). The remaining parameters accounted for a further 20% of the variability, implying that our model could explain 60% of the variability found in the data (residual deviance 229.6). All of the above parameters other than WBC facilitated significantly better model fit as determined by chi-square testing. The fact that we could only explain 60% of the variability implies that there are significant unquantified sources of variability in the data (Table 5 ).
Discussion
Although both crystal and septic arthritis can affect any joint their coexistence is rare, with only 1.5% of all samples with crystal disease having concomitant bacterial growth [9] . Several theories have been proposed but the mechanism for the simultaneous occurrence of septic and acute crystal arthritis is poorly understood. The occurrence of acute gout in the presence of septic arthritis could be explained by decreased urate solubility as a result of the change of synovial fluid pH produced by infection [10] or by the strip mining mechanism [11] . The demonstration of crystals in the synovial fluid does not rule out concomitant bacterial arthritis and may complicate the synovial fluid interpretation, leading the clinician to diagnose isolated crystal arthritis when septic arthritis coexists. Thus, a thorough attempt should always be made to identify an organism in these cases [12] [13] [14] [15] . The use of Gram stain and synovial fluid culture as the gold standard in the diagnosis of septic arthritis can be problematic as sensitivity can reach only 50% [5] and 76% [16] , respectively, resulting in significant numbers of missed cases of joint infection. The above findings raise the spectre of a group of patients with suspected septic arthritis but culture-negative synovial fluid. Gupta et al. in their prospective study comparing patients with culturenegative septic arthritis to patients with culture-proven septic arthritis found that the demographics, clinical examination, laboratory parameters, complications rates and the use of supportive measures were similar in the two groups [17] .
It is not clear what these presumed septic arthritis cases actually represent. It could be partially treated septic arthritis, septic arthritis with organisms that are difficult to grow on culture, atypical organisms, viral arthritis, trauma or inflammatory arthritis. Alternatively these patients might not have had septic arthritis. Yu et al. studied 30 cases of concomitant gouty and septic arthritis in a period of 24 years and found that subcutaneous tophus rupture with secondary wound infection is the most common route of infection and stressed the importance of synovial fluid aspiration to reach a diagnosis [12] .
In our study although most of the patients in group 1 were treated with antibiotics (62%) there was still a higher rate of morbidity, greater use of supportive therapy and longer hospital stay (22.3 days, SD 17.4) in comparison with group 2, where most patients were treated by observation (76%, mean hospital stay 3.5 days, SD±4.4). Also of significance was the fact that most patients (62%) in group 1 had antibiotics prior to aspiration of the joint, which may lead to a reduced possibility of identifying an organism.
The use of Newman's classification when applied to patients with crystal arthritis clearly identified a group of patients with longer hospital stay, increased morbidity and use of supportive therapy. One possible explanation may be that some of these patients had coexistent crystal arthritis and (often partially treated) culture-negative septic arthritis. However, this is clearly not the whole story, as modelling based on this assumption still failed to explain 40% of the variability, though the small number of patients in group 1 limited modelling. Further work would involve validation of the model on a larger population, extension to include culture-positive septic arthritis with crystals and a prospective study to reduce bias from unmeasured confounders and missing covariates.
Conclusion
Newman's criteria are helpful for predicting outcomes in patients with crystal arthritis. The presence of crystals in an acutely inflamed joint does not exclude the need for supportive therapy and a longer hospital stay even in the absence of a positive synovial fluid culture. We recommend cautious management of patients with crystal arthritis fulfilling Newman's B criteria to avoid further morbidity and possibly help in the reduction of the length of their hospital stay.
